There is epidemiological evidence for associations between dietary patterns and type 2 diabetes. However, for sub-Saharan Africa, information on dietary patterns and their contribution to diabetes is lacking. The aim of the present study was to identify dietary patterns and their associations with type 2 diabetes in an urban Ghanaian population. In a hospital-based case -control study on risk factors for type 2 diabetes in Kumasi, a FFQ was administered to 675 controls and 542 cases. Dietary patterns were identified by using factor analysis including thirty-three food items. Logistic regression was used to evaluate the associations of dietary patterns with type 2 diabetes. Overall, two dietary patterns were identified: (1) a 'purchase' dietary pattern which positively correlated with the consumption of sweets, rice, meat, fruits and vegetables and (2) a 'traditional' dietary pattern that correlated with the intake of fruits, plantain, green leafy vegetables, fish, fermented maize products and palm oil. In the highest quintile of the 'purchase' dietary pattern, participants were younger, leaner and of higher socio-economic status than those in the lower quintiles. In contrast, participants in the highest quintile of the 'traditional' dietary pattern were older, heavier and more deprived compared with those in the lower quintiles. In the multivariate model, the 'purchase' dietary pattern was inversely associated with type 2 diabetes (OR per 1 SD 0·41, 95 % CI 0·33, 0·50); the 'traditional' dietary pattern increased the odds of diabetes per 1 SD by 54 % (95 % CI 1·35, 1·81). In conclusion, two diverse dietary patterns were identified and associated with type 2 diabetes in urban Ghana. The determinants of pattern adherence require further investigation.
Clearly, nutritional behaviour is one of the major modifiable risk factors for type 2 diabetes. In nutritional epidemiology, the principal approach in the past was to investigate the association between single nutrients or foods and a disease. However, the human diet is very complex: foods are not consumed independently and nutrients act synergistically. This justifies the consideration of overall dietary patterns. Generally, dietary patterns are constructed by either an a priori or an a posteriori approach (1 -4) . The a priori method takes into account nutrition recommendations that are evidence-based for nutrition -disease relationships. One popular and wellestablished dietary pattern from Caucasian populations is the Healthy Eating Index, based on the US Department of Agriculture Food Guide Pyramid (5) . Further indices have been proposed to reflect total dietary quality, such as the Dietary Quality Index based on the US dietary recommendations (6) .
The Dietary Quality Index takes into account nutrient adequacy, dietary variety, proportionality of food groups, and moderation of less healthy foods. With regard to a posteriori techniques, these are hypothesis-free, exploratory analyses based on the covariance structure of food variables. Either some sort of factor analysis is applied to identify underlying factors of food variables or cluster analysis is used to group individuals based on their similarities in food consumption data (7) . Alternatively, mixed forms of dietary pattern construction exist that consider the pathway from diet to disease. For instance, the reduced-rank regression method identifies patterns of food consumption related to intermediate biomarkers. This method ensures the extraction of linear combinations of predictor variables ( ¼ dietary factors) that explain as much response variation ( ¼ intermediate biomarker) as possible (8) .
Numerous studies have identified prevailing dietary patterns in US, European and Asian populations, and investigated their association with the risk of diabetes (9 -14) . Although the identified dietary patterns were somewhat populationspecific, there were notable similarities between the studies. Most of these studies have found a healthy pattern, characterised by a high consumption of healthy foods such as fruits, vegetables, fish, poultry and whole grains, which was associated with a reduced risk of type 2 diabetes, and a less healthy pattern, characterised by a high consumption of foods such as processed and red meats, fried foods, sweets and desserts, and refined grains, which was related to a higher risk of type 2 diabetes.
However, compared with other regions, food availability and consumption in sub-Saharan Africa (SSA) may be substantially different due to distinctions in climate, agriculture, food production and processing, and cultural habits.
Opposing the potential importance of nutritional behaviour for the emergence of type 2 diabetes in SSA, dietary patterns have only insufficiently been evaluated in this region. Therefore, the aim of the present study was to identify prevailing dietary patterns by using factor analysis in an urban Ghanaian population, and to evaluate their associations with type 2 diabetes.
Experimental methods

Study population
Between August 2007 and June 2008, an unmatched casecontrol study to identify risk factors for type 2 diabetes (and hypertension) was performed at the Komfo Anokye Teaching Hospital in Kumasi, Ghana. In this region, the prevalence rates of diabetes and overweight are 6 % (15) and 23 % (16) , respectively. A detailed description of the recruitment procedures and the characteristics of the study participants has been provided elsewhere (17, 18) . In brief, cases were recruited from the diabetes centre (n 495) and the hypertension clinic (n 451). They advertised the participation as potential controls among their friends, neighbours and community members (n 222). Similarly, further preliminary controls were recruited from the outpatient department (n 150) and among hospital staff (n 148). Each participant provided a fasting blood sample (fluoride plasma, tubes cooled at þ 48C). Type 2 diabetic cases were defined as having fasting plasma glucose concentrations $7 mmol/l (Glucose 201 þ ; HemoCue) and/or documented anti-diabetic medication (19) . Controls were defined as participants without diabetes. Of the 1466 participants included in the present study, 245 (16·7 %) were excluded from the present analysis due to missing information on nutrition (FFQ, 124 (8·5 %); 24 h dietary recall (24HDR), 17 (1·2 %)), anthropometry (39 (2·7 %)), socio-economic status (SES, 31 (2·1 %)) and genetic polymorphisms (34 (2·3 %)). Hence, this analysis comprised 1221 individuals (679 controls and 542 cases with diabetes).
The present study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human patients were approved by the Ethics Committee, School of Medical Sciences, University of Science and Technology, Kumasi. Written informed consent was obtained from all participants.
Dietary assessments
For nutrition assessment, a locally specific FFQ was designed. In face-to-face interviews, trained nurses speaking the local language applied the FFQ to all participants in a separate air-conditioned room after breakfast. The FFQ queried for the usual weekly consumption of fifty-one food items in ten food categories over the past 12 months: 'During the past 12 months, how often did you usually consume the following foods per week?' Food categories of the FFQ were based on the latest Ghana Demographic and Health Survey (20) . These categories were starchy roots and plantain; cereals and cereal products; animal products; legumes, nuts and oilseeds; fruits; vegetables; fats and oils; salt and spices; sweets; and liquids (see online supplementary Table S1 ). No portion sizes were available. Thus, the FFQ covered frequencies, but not quantities, of food consumption. There were six response categories: never; seldom (,1 £ per week); 1 -2 £ per week; 3-4 £ per week; 5 -6 £ per week; daily. This FFQ has not been validated yet.
To describe energy and macronutrient intakes at the study population level, a single 24HDR was administered to each participant. Trained study personnel speaking the local language applied the 5-steps multiple-pass method (21) in face-to-face interviews. Food and beverage consumption between midnight of the pre-last day and midnight of the last day was recorded in detail. Time and occasion of the meals were included. All consumed foods, their mode of preparation and their portion sizes, estimated by Ghanaian household utensils, were documented.
Assessment of covariates
As described previously (17) , all participants underwent a routine clinical examination. Weight (kg), height (cm), waist (cm) and hip (cm) circumferences were measured (all devices; SECA). BMI was calculated as weight/(height) 2 (kg/m 2 ) and the waist:hip ratio as waist circumference/hip circumference (18) . Sociodemographic data and medical history were documented in face-to-face interviews by trained study personnel speaking the local language. These comprised age, sex, education (none, primary, secondary, tertiary or other) and occupation (subsistence farmer, commercial farmer, casual labourer, artisan, trader, businessman/woman, public servant, unemployed or other), own and family history of diabetes (yes or no) and smoking behaviour (never, quit or current). In these interviews, the duration (min/week) and type (i.e. intensity) of work-related, transportation-related and leisure-time physical activity were recorded. These data were translated into daily energy expenditure (kJ/d) as the sum of metabolic equivalents corresponding to activity intensity (ml/kg per min) £ body weight (kg) £ duration (min) (22) .
Statistical analyses
Baseline characteristics of the study population were compared using non-parametric procedures, i.e. Mann-Whitney U test for metric variables and x 2 test for categorical variables.
To describe nutritional behaviour, we started with exploring the usual nutrient consumption at the study population level. The daily intakes of energy (kJ/d), protein, carbohydrates, total fat and dietary fibre were determined (g/d) from the 24HDR. We converted the estimated portion sizes into grams (23) , and Ghana-specific and international nutrient composition tables were used to translate food consumption into nutrient intakes (24) . For comparisons of macronutrient intakes between the study groups, the respective values were standardised per 4184 kJ/d (1000 kcal/d).
The primary aim of the present analysis was to identify dietary patterns in this study population. Therefore, we used thirty-three food items or food groups from the FFQ for dietary pattern analysis. Of the fifty-one original food items of the FFQ, we collapsed and excluded some food items as described in online supplementary Table S1 .
To identify underlying dietary patterns, factor analysis was performed using the PROC FACTOR procedure in SAS. The original food items were collapsed into latent factors explaining the maximum of the total variance of these thirty-three food-item variables. An orthogonal rotation (Varimax) was applied to ensure that the factors remained uncorrelated and to improve interpretability. To detect the optimal number of factors to be extracted, we used the criteria of an eigenvalue . 1, the scree plot and plausibility of the factors. The factor score for each pattern was calculated by summing the intakes of standardised food intake (mean ¼ 0 and SD ¼ 1) weighted by their factor loadings. Each participant received a factor score for each identified dietary pattern. These scores were used to rank participants according to the degree to which they conformed to each dietary pattern. Factors were initially extracted separately for men and women. In a two-factor solution, the resulting rotated factor loadings of highly loading food items (rotated factor loadings .0·35) were similar between men and women (data not shown). Also, we calculated dietary patterns separately in the control group and in the total study population, and these results were merely identical (data not shown). Hence, we present the patterns derived among the complete study population.
Quintiles of dietary pattern scores were constructed based on the distribution among the control group. Baseline characteristics and frequencies of food intake were calculated across the quintiles of each dietary pattern score among the control group. The differences among categorical variables (x 2 test) and linear trends among continuous parameters (trend tests) were compared. Logistic regression analysis was applied to evaluate the associations between dietary patterns and type 2 diabetes. OR and 95 % CI were calculated across the quintiles and per 1 SD of the factor score. The significance of a linear trend across the categories was tested by assigning each participant the median of a category and by modelling this value as a continuous variable. In our analyses, three different models were constructed: (1) model 1 was adjusted for age and sex; (2) model 2 included age, sex, family history of diabetes (yes or no), unemployment (yes or no), educational attainment (any or none), literacy (able or unable), smoking (current smoker, ex-smoker or never) and daily energy expenditure (kcal/d) as covariates; (3) model 3 included all variables of model 2 plus BMI and waist:hip ratio. All analyses were performed using SAS statistical software (version 9.2; SAS Institute). Table 1 illustrates that the study population was mainly female (76 %), middle-aged (mean 50·4 years) and of low SES (unemployment, 25 %; illiteracy, 35 %; lack of formal education, 25 %). The participants with diabetes were significantly older (55 v. 47 years; P, 0·0001), exhibited a higher waist:hip ratio (0·91 v. 0·86; P, 0·0001), had more often diabetes in the family (59 v. 25 %; P,0·0001) and tended to smoke more often than the controls (8 v. 4 %; P¼ 0·05). The SES in the diabetic group was lower than that in the control group, as observed by higher prevalence rates of educational alienation (17 v. 35 %), illiteracy (26 v. 46 %) and unemployment (16 v. 35 %; all P, 0·0001). At the same time, energy expenditure was higher (Table 1) .
Results
Study population
Nutritional behaviour
Almost one-quarter of the study population consumed two meals per d (controls, 25 %; cases, 14 %; P,0·001), and 76 % took three daily meals (controls, 73 %; cases, 84 %; P, 0·001). 
Dietary patterns
By means of factor analysis, we derived dietary patterns in the total study population ( Table 2 ). The first pattern explained 13·7 % of the variance among food items and was named the 'purchase' dietary pattern. It was characterised by high intakes of sweets and sweet drinks, rice, foods rich in protein (red meat, poultry, eggs and milk), plant oils (vegetable oil and margarine), fruits and vegetables (carrot, lettuce and cucumber), and low intake of plantain. Second, a 'traditional' dietary pattern explained a total variance of 8·5 % and positively correlated with the intake of plantain, green leafy vegetables, beans, garden egg, fish, maize (banku), palm oil, okra and fruits. Further pattern solutions (3 -5 factors) were examined, but did not reveal meaningful dietary patterns, i.e. the first pattern ('purchase') remained in all other solutions; two patterns were only characterised by a high intake of three (carrot, lettuce and cucumber) or two food items (milk and bread); and the 'traditional' dietary pattern separated into a 'starchy foods' pattern (characterised by high intakes of plantain, cassava, garden egg, fish and green leafy vegetables) and a 'beans and groundnut' pattern (characterised by high intakes of beans, groundnut, maize (banku) and millet).
The characteristics by quintiles of the 'purchase' dietary pattern among the 679 controls of the KDH (Kumasi Diabetes and Hypertension) Study are presented in Table 3 , and those of the 'traditional' dietary pattern in Table 4 . Participants in the highest quintile of the 'purchase' dietary pattern were younger, leaner and of better SES, and exhibited lower energy expenditure than those in the lower quintiles. In addition, the mean intakes in quintile 5 of the 'purchase' dietary pattern score were lower than those in the first up to the fourth quintile for sweets, eggs, margarine, vegetables, poultry and plantain (1·5 servings/week), moderate for sweet drinks, red meat, fruits and milk (3·5 servings/week) and high for rice (7·0 servings/week) ( Table 3) . As for the 'traditional' dietary pattern, participants in the highest quintile were characterised by higher age, increased measures of obesity, lower SES and higher energy expenditure when compared with those in the lower quintiles (Table 4) . Also, in quintile 5, the mean intakes were moderate for fruits, beans and okra (3·5 servings/week), and high for plantain, green leafy vegetables, garden egg, fish, banku and palm oil (5·5-7·0 servings/week). Table 5 shows the associations between dietary pattern scores and the risk of type 2 diabetes. The age-and sex-adjusted OR for type 2 diabetes of the highest quintile of the 'purchase' dietary pattern compared with the lowest quintile was 0·10 (95 % CI 0·06, 0·17, P for trend , 0·001). This association was similar after further adjustment for family history of diabetes, unemployment status, educational attainment, literacy, smoking, daily energy expenditure, BMI and waist:hip ratio (models 2 and 3). In contrast, the OR in the highest quintile compared with that in the lowest quintile for the 'traditional' dietary pattern was 3·14 (95 % CI 2·09, 4·73, P for trend , 0·001). This positive association slightly strengthened after further adjustments (models 2 and 3). Similarly to the quintile-based analysis, evaluating associations per 1 SD increment of pattern scores revealed an inverse association for the 'purchase' dietary pattern (OR 0·41, 95 % CI 0·33, 0·50), whereas the 'traditional' dietary pattern was significantly associated with a higher odds for type 2 diabetes (OR 1·56, 95 % CI 1·35, 1·81) in the fully adjusted model. Plantain  7  3·5 -7·0  3·5  1·5 -7·0  3·5  1·5 -7·0  3·5  1·5 -5·5  1·5  0·5 -3·5  , 0·001  Green leaves  1·5  0·5 -1·5  3·5  1·5 -4·5  1·5  1·5 -3·5  3·5  1·5 -5·5  3·5  1·5 -7·0  0·012  Beans  0·5  0·5-1·5  1·5  0·5-3·5  1·5  0·5 -3·5  1·5  0·5-3·5  1·5  1·5-3·5  , 0·001  Garden egg  7  5·5-7·0  7  3·5-7·0  7  1·5 -7·0  7  1·5-7·0  7  3·5-7·0  0·007  Fish  7  7·0 -7·0  7  6·3 -7·0  7  7·0 -7·0  7  7·0 -7·0  7  3·5 -7·0  , 0·001  Maize (banku)  3·5  1·5 -7·0  3·5  1·5 -7·0  3·5  1·5 -7·0  3·5  1·5 -7·0  3·5  1·5 -7·0  0·010  Palm oil  3·5  1·5 -5·5  3·5  1·5 -3·5  3·5  1·5 -3·5  3·5  1·5 -5·5  3·5  1·5 -6·3  0·005  Okra  0·5  0 -1·5  1·5  0·5 -3·5  1·5  0·5 -3·5  1·5  0·5 -3·5  1·5  0·5 -7·0  , 0·001 WHR, waist:hip ratio. * P values for categorical variables were calculated by x 2 test. Rice  3·5  1·5 -7·0  3·5  1·5 -6·3  3·5  1·5 -7·0  3·5  1·5 -7·0  5·5  3·5 -7·0  0·019  Soft drinks  1·5  0·5 -1·5  0·5  0·5 -1·5  1·5  0·5 -3·5  0·5  0·5 -1·5  1·5  0·5 -3·5  0·480  Vegetable oil  3·5  1·5 -5·5  3·5  1·5 -3·5  3·5  1·5 -3·5  1·5  0·5 -3·5  3·5  1·5 -3·5  0·011  Milo  1·5  0·5 -3·5  1·5  0 -3·5  1·5  0·5 -3·5  1·5  0·5 -3·5  1·5  0·5 -3·5  0·400  Red meat  1·5  0·5-3·5  1·5  0·5-3·5  1·5  0·5 -3·5  1·5  0·5-3·5  1·5  0·5-3·5  0·831  Eggs  0·5  0·5 -1·5  0·5  0·5 -1·5  0·5  0·5 -1·5  0·5  0·5 -1·5  0·5  0·5 -1·5  0·996  Margarine  0  0 - 
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-0 0 0-0·5 0·5 0-1·5 1 0-1·5 3·5 1·0-3·5 , 0·001 Sweets 0 0 -0·5 0 0 -0·5 0·5 0 -0·5 0·5 0·3 -0·5 1·5 0·5 -1·5 , 0·001 Rice 1·5 0·5 -3·5 3·5 1·5 -3·5 4·5 3·5 -7·0 5·5 3·5 -7·0 7 5·5 -7·0 , 0·001 Soft drinks 0·5 0 -0·5 0·5 0·5 -1·5 1·5 0·5 -1·5 1·5 0·5 -3·5 3·5 1·5 -3·5 , 0·001 Vegetable oil 0·5 0·5 -1·5 1·5 1·5 -3·5 3·5 1·5 -3·5 3·5 1·5 -5·5 5·5 3·5 -7·0 , 0·001 Milo 0·5 0 -1·5 1·5 0 -1·5 1·5 0·5 -2·5 1·5 0·5 -3·5 3·5 1·5 -5·5 , 0·001 Red meat 0·5 0 -1·5 0·5 0·5 -1·5 1·5 0·5 -3·5 1·5 0·5 -3·5 3·5 1·5 -7·0 , 0·001 Eggs 0·5 0 -0·5 0·5 0 -0·5 0·5 0·5 -1·5 1·5 0·5 -1·5 1·5 0·5 -3·5 , 0·001 Margarine 0 0 -0 0 0 -0·5 0 0 -0·5 0·5 0 -0·5 1·5 0 -3·5 , 0·001 Fruits 1·5 0·5 -3·5 1·5 1·5 -3·5 3·5 1·5 -3·5 3·5 1·5 -3·5 3·5 3·5 -3·5 , 0·001 Carrot 0·5 0 -0·5 0·5 0 -1·5 0·5 0·5 -1·5 1·5 0·5 -3·5 1·5 0·5 -3·5 , 0·001 Lettuce 0 0 -0·5 0·5 0 -1·5 0·5 0 -1·5 0·5 0·5 -1·5 1·5 0·5 -3·5 , 0·001 Milk 0·5 0 -0·5 0·5 0 -1·5 0·5 0·5-3·5 3·5 0·5 -7·0 3·5 1·5 -7·0 , 0·001 Poultry 0·5 0·5 -0·5 0·5 0·5 -1·5 0·5 0·5 -1·5 0·5 0·5 -1·5 1·5 0·5 -3·5 , 0·001 Cucumber 0 0-0 0 0-0·5 0·5 0-0·5 0·5 0-1·5 0·5 0-1·5 , 0·001
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WHR, waist:hip ratio. * P values for categorical variables were calculated by x 2 test.
Discussion
We identified and characterised dietary patterns and examined their associations with type 2 diabetes. Given the limited number of studies from SSA, our findings contribute uniquely to the literature. There were two dietary patterns in this urban Ghanaian population. The 'purchase' dietary pattern was characterised by a high consumption of sweets, rice, protein-rich foods (red meat, poultry, eggs and milk), fruits and vegetables and low consumption of plantain; this was inversely associated with the risk of type 2 diabetes. The 'traditional' dietary pattern was characterised by a high intake of plantain, green leafy vegetables, beans, garden egg, fruits, fish, fermented maize products and palm oil; this was associated with an increased odds for type 2 diabetes.
Dietary patterns in sub-Saharan Africa
With respect to SSA, only five cross-sectional studies in comparatively small and specific populations have attempted to identify dietary patterns by some sort of factor analysis or cluster analysis: one cross-sectional study among the Cameroon defence forces (n 571) identified two dietary patterns by means of factor analysis (25) . The 'fruit and vegetable' pattern was similar to our mixed 'purchase' dietary pattern with high factor loadings for fruits, green and dark yellow vegetables, tubers, oils and fats, fish and seafood, rice, milk and milk products, pasta, soft drinks, cakes and cookies, sweets and meat (poultry, red meat, organ meat and bush meat). In contrast, the 'meat' pattern exhibited high factor loadings for bush meat, poultry, and red meat, but low factor loadings for sweets, cakes and sugar. Among 1086 elderly in Botswana, five dietary patterns were revealed using factor analysis (26) : 'beer', 'meat and fruit', 'vegetable and bread', 'seasonal produce', and 'milk, tea and candy' patterns, whereby only the 'meat and fruit' pattern exhibited some similarities to our 'purchase' dietary pattern. Furthermore, among 1072 urban Burkinans, a 'snacking' pattern (fried foods, sugar-sweetened products, cereals and dairy products) and a 'modern foods' dietary pattern (processed meats, eggs, low in nuts, seeds, cereals and beans) were identified by principal component analysis (27) . However, these did not show similarities with our dietary patterns. Keding et al. (28) observed five dietary patterns in rural Tanzania (n 252) by applying principal component analysis: (1) 'purchase' dietary pattern (characterised by bread and cakes, sugar, and black tea); (2) 'traditional-coast' (characterised by fruits, nuts, starchy plants and fish); (3) 'traditional-inland' (characterised by cereals, oils and fats, and vegetables); (4) 'pulses' (characterised mainly by pulses, with few or no vegetables); (5) 'animal products' (characterised by a high consumption of meat, eggs and/or milk) (28) . The best comparable dietary patterns were identified among 200 urban Beninese residents by cluster analysis (29) : a 'traditional' dietary pattern (characterised by high intakes of grains, fruits, fish and green leafy vegetables) and a 'transitional' one (characterised by high intakes of bread, pasta, roots, nuts, meat, eggs, dairy, fats and sweets). As a mixed pattern, the latter unites Table 5 . imported and traditional foods and is similar to our 'purchase' dietary pattern.
These data highlight the difficulties to establish dietary patterns in African populations and to compare, not to say transfer, established patterns with other SSA regions.
Characteristics of dietary patterns and diet -disease associations in sub-Saharan Africa
It is not trivial to find common characteristics of the identified dietary patterns in SSA. For example, the pattern with a high consumption of vegetables in Benin predominated in individuals of low SES (29) , whereas in Botswana, such pattern prevailed in households with children (26) . With respect to a pattern loading high on meat intake, this was characterised by low educational level in Cameroon (25) , while in Benin, participants of high SES adhered to such pattern (29) . In part, this is in line with the observations of the present study. Adherence to dietary patterns was associated with SES. Participants with a high score of the 'purchase' dietary pattern were characterised by a better SES, whereas those with a high score of the 'traditional' dietary pattern were more deprived. Indeed, the 'purchase' dietary pattern included food items (sweets, red meat and poultry) that are expensive for the majority of the population in this area. It seems that particularly people above the average income level and with better knowledge of healthy food adhere to this. In contrast, low income and poor education might favour the adherence to the 'traditional' dietary pattern. Similarly, in the aforementioned study from Benin, the proxy indicator for SES 'birthplace' was associated with the 'transitional' (urban) and 'traditional' dietary patterns (rural) (29) . As for Ghana, the proportion of the population living in urban areas has increased from 23 to 51 % during the past 50 years, with the second highest proportion of urban citizens (61 %) in the Ashanti Region (30) . In Benin, no clear associations of dietary patterns (characterised by urban v. rural citizenship and high v. low SES), with self-reported health status, were observed (29) . Nevertheless, urbanisation and the epidemic of type 2 diabetes are paralleling in SSA (15, 31) . Thus, it is justified to hypothesise that peasants from rural Ghana moved to the cities, where they faced lower income and altered food availability. In this situation, well-known traditional foods that are satiating and inexpensive, such as carbohydrate-dense foods of the 'traditional' dietary pattern, appear preferable. This could be a possible explanation for our observed positive association between the 'traditional' dietary pattern and type 2 diabetes. Unfortunately, we have no information about movements from rural to urban areas and therefore cannot investigate this hypothesis so far. Of note, such associations between SES and the adherence to dietary patterns have been observed in Western populations, too. So-called prudent or healthier patterns were associated with increased income, better education and older age (32) . With respect to diet-disease relationships in the African region, the scarce data remain inconclusive. The Cameroon study was designed to identify patterns associated with hypertension and revealed that the fourth quartile of the 'fruit and vegetable' pattern compared with the first quartile reduced the risk of hypertension by 60 % (25) . The Botswanian study by Maruapula & Chapman-Novakofski (26) did not cover analyses on dietary patterns and health outcomes. In Burkina Faso, obesity was the outcome of interest. There was no relationship with the 'modern foods' pattern; however, there was a positive association with the 'snacking' pattern (27) . Similarly, in Tanzania, the 'purchase' dietary pattern showed the strongest positive association with BMI (28) . This contrasts the lack of association in Benin (29) . Clearly, these findings warrant further investigations to understand the determinants of adherence to dietary patterns in SSA.
Associations of dietary patterns with type 2 diabetes in other populations
To our knowledge, the present study is the first to investigate the associations between dietary patterns and the risk of type 2 diabetes in SSA. The inverse association of the 'purchase' dietary pattern, which was rich in fruits and vegetables, appears to be consistent with previous studies reporting an inverse association for patterns sometimes called 'prudent' or 'healthy' (characterised by higher intakes of fruits and vegetables) (33, 34) . However, there are important differences in pattern structure observed in the present study compared with patterns evaluated in European (33, 35) , US (34, 36) or Asian populations (10, 11, 37) . The 'purchase' dietary pattern was also characterised by a high intake of red meat. Previously, this has not been labelled 'prudent', but rather 'Western', and was associated with increased risk in other populations (34, 36, 37) . This is also true for the consumption of sweets in such 'Western' patterns, which is positively associated with type 2 diabetes in Western populations (13, 36, 39) , but inversely in the present study. While the consumption of sweets was low in our study population and the types of red meat differed from those in Western populations which might explain that the pattern was -in contrast to so-called 'Western' patterns -inversely associated with the risk of type 2 diabetes, the present study highlights that dietary patterns derived by exploratory methods are specific for this African study population. Nevertheless, exploration of food variability in the KDH Study was highly dependent on the adequacy of the FFQ. A local specificity might be postulated and even more pronounced for the 'traditional' dietary pattern, which consisted of fermented maize products, palm oil and other traditional foods which are merely absent in diets in Western and Asian regions. Clearly, the observed relationships between dietary patterns and type 2 diabetes require verification in other regions of West Africa. The present study holds several strengths and some limitations. The characterisation of the nutritional behaviour and identification of dietary patterns in a Ghanaian population is unique. Also, compared with other studies in SSA (25, 28, 29) , the sample size of the present study is large. In the context of scarce epidemiological data, a case -control design is useful to establish hypotheses on the association between dietary patterns and the risk of type 2 diabetes. However, prospective studies may provide stronger evidence for the causal relationship between dietary patterns and the risk of diabetes. Thus, we cannot exclude that reverse causation explains our observations. Particularly, most of the diabetes cases in the present study (97 %) have already been known to the Komfo Anokye Teaching Hospital, and were under regular monitoring. However, routine diabetes management does not comprise nutritional counselling. Consequently, we do not expect that awareness of type 2 diabetes is accompanied by a change in nutritional behaviour. Nevertheless, we cannot exclude such reverse causation.
By means of culturally sensitive 24HDR and FFQ, the present study provides qualitative and quantitative information of food intake. We are aware that both methods exhibit their limitations. While 24HDR are useful to describe the short-term and current diet in surveys, their performance is limited in case-control settings to reproduce a retrospective exposition. However, the classic weaknesses of 24HDR, i.e. forgotten foods (recall bias) and non-naming of foods (under-reporting), seem less problematic in SSA than in Europe or North America (40) . Specifically, under-reporting might have occurred in participants with diabetes and/or overweight, who may have tended to give socially desirable answers. However, in this region, obesity is perceived as a marker of affluence (41) and is linked to health and beauty in Ghanaian women (16) . The majority of the Ghanaian women (72 %) are not satisfied with their body size, and 30 % of them would prefer a heavier body size. In addition, 61 % of the women who are satisfied with their body size are overweight or obese (42) . Furthermore, the determinants of food choice are less influenced by social desirability than more by convenience, availability and price (43) . Indeed, 24HDR perform well in regions with high rates of illiteracy and of low SES, particularly when applied by interviewers of the same cultural background speaking the local language. Clearly, the inter-and intra-individual variance of a 24HDR limits information on the actual, individual diet. However, 24HDR are useful to compare energy and nutrient intakes between population groups (44) , specifically when applying local household measures and food composition tables. In contrast to 24HDR, FFQ depict the long-term usual diet. As with all retrospective assessment methods, FFQ run the risk of recall bias and under/overestimation of portion sizes; their quantitative precision may be limited. Nevertheless, they are substantially cheaper than 24HDR (44) and feasible to measure nutrition exposition in case -control or cross-sectional studies. If the food list is culturally sensitive as in the present study, FFQ exhibit excellent properties to assess nutritional behaviour in this study setting.
In the present study population of low SES, both dietary patterns were strongly associated with proxy markers of SES (education, literacy and unemployment). Surprisingly, the strength of associations only slightly attenuated after adjusting for these. Still, we cannot rule out that SES is imperfectly measured in the present study, and that residual confounding by SES may partly explain our observed associations.
Conclusion
In conclusion, we identified two main dietary patterns in an urban Ghanaian population, which differed from previous reports among Western and Asian populations. Our findings suggest that a 'purchase' dietary pattern (characterised by high intakes of sweets, rice, meat, fruits and vegetables) and a 'traditional' dietary pattern (characterised by high intakes of fruits, plantain, green leafy vegetables, fish, fermented maize products and palm oil) are associated with the risk of type 2 diabetes in this population. Clearly, the evaluation and investigation of determinants of adherence to dietary patterns warrants further investigations in SSA.
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